ABSTRACT. Phospholipids in microvillus membrane (MVM) prepared from the proximal small intestine of newborn (less than 24 h of age) and adult rats were characterized to determine if differences in composition existed. Our hypothesis is that developmental differences in composition of the MVM may account for mucosal barrier differences to microorganisms and antigens during the perinatal period. Lipid analysis showed that both cholesterol and total phospholipids, per mg of membrane protein, were much higher in the newborn MVM than the adult, but the molar ratio of these two lipid classes remained unchanged. Increased phosphatidylcholine and decreased phosphatidylinositol levels were found in the newborn MVM compared to the adult. In addition, the major difference in fatty acid composition of total lipid extracts and three major membrane phospholipids, phosphatidylcholine, phosphatidylethanolamine, and phosphatidylinosit01 appeared to be an increased ratio of palmitate (16:O) to stearate (18:O) and of oleate (18:l) to linoleate (18:2) in the newborn. These data suggest that changes in the proportion of phospholipid polar head groups and fatty acyl groups as well as changes in the amount of total phospholipids and cholesterol exist in the newborn MVM. These observations are consistent with differences in MVM fluidity previously noted and may help explain the increased uptake of antigens and other mucosal barrier defects in the newborn intestine. is associated with an increased membrane fluidity and with an increased membrane disorder (3, 4) as well as an increased membrane permeability to luminal macromolecules (5). Conceivably, alterations in interactions between lipid and protein or lipid and lipid molecules may be responsible for these membrane bamer disruptions. The phospholipid bilayer constitutes the major and basic structural component of MVM. It may greatly influence not only the biophysical but also biochemical properties of the MVM, a major component of the intestinal mucosal bamer. In general, phospholipid alterations may directly affect membrane fluidity (6), the activity of membrane-bound enzymes (7, 8), membrane transport systems (9), receptor binding events (10, 1 I), and protein attachment to membranes (12). In addition, the components of phospholipids (polar head groups, fatty acids, and diacylglycerols) may play an individual role in cation binding and release (1 3) and in second messenger systems ( 10, 1 1, 14) . However, the role of phospholipid in the development of the intestinal surface structure and function is not well defined, and phospholipid fatty acid composition has not been previously studied in the MVM of the newborn intestine.
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In order to determine specific differences in MVM phospholipids between the immature and mature small intestine that may play a potential role in development of the mucosal barrier, the composition of MVM phospholipids and the fatty acid pattern in the total lipid extract as well as in major membrane phospholipid classes were characterized in MVM prepared from newborn and adult rats. The results indicate that both polar head groups and fatty acyl groups of phospholipids were altered in the newborn intestine and suggest that changes in MVM phospholipid molecules might, partially, contribute to the altered membrane fluidity and membrane permeability noted in newborns.
MATERIALS AND METHODS
During postnatal development, the intestinal MVM undergoes dramatic changes (1, 2 (15) . All steps in the preparation were carried out at 4" C. Nonfasted animals were killed by decapitation between 0900 and 1000 h. The entire small intestine was removed and divided into proximal and distal halves. The intestinal segments were rinsed with normal saline (0.9% NaCl) to remove the luminal contents. Only the proximal half was used in this study. The mucosa of adult intestine was scraped. The mucosa of newborn intestine was obtained by briefly homogenizing the whole proximal intestine in 0.9% NaCl and passing it through a 170-p nylon mesh to remove intestinal smooth muscle. Mucosal scrapings of the adult and the crude mucosal homogenate of the newborn were then homogenized in a buffer (pH 7.4) containing 500 mM mannitol, 10 mM HEPES, and 5 mM EGTA for 5 min. The homogenates were diluted with distilled water to six times its original volume before filtering through a 40-p nylon mesh to exclude large particulate material. MgClz (1 M) was added to the filtrate to make a final concentration of 10 mM. After mixing for 15 min, the filtrate was centrifuged at 5000 X g for 15 min to clear cellular debris and other organelles. The supernatant was centrifuged at 28,000 x g for 30 min to collect the crude MVM.
The crude MVM was then resuspended in a buffer (pH 7.4) containing 100 mM mannitol, 10 mM HEPES, and 5 mM EGTA, and recentrifuged under the same conditions. The final membrane preparation was suspended in 10 mM Tris-HC1 buffer (pH 7.4) containing 5 mM EGTA, and stored at -20" C for further analysis.
Enzyme assays. Purity of the membrane preparation was estimated by enrichment of lactase activity (16) for the newborn and sucrase activity (17) for the adult. Alkaline phosphatase was determined with p-nitrophenylphosphate (18) . Protein was deadult membranes, respectively. These values are comparable to previously reported value of 1.26 for the adult rat intestine (25) .
Changes in MVMphospholipid composition. The phospholipid composition of these two MVM is given in Table 2 . In a manner similar to adult MVM, the major phospholipid classes in newborn MVM were found to be phosphatidylcholine and phosphatidylethanolamine. These two phospholipid classes constituted approximately 60-70% of total phospholipids. Although all the phospholipid classes present in the adult MVM were detected in the newborn, the phospholipid composition was found to be significantly different between immature and mature membranes. The proportion of phosphatidylcholine was increased from 34.6% in the adult to 44.4% in the newborn, whereas the proportion of phosphatidylinositol was decreased from 7.4% in the adult to 3.6% in the newborn.
Changes in total lipid fatty acid pattern of MVM.
To characterize membrane fatty acid changes in the newborn and adult intestine, fatty acids were analyzed in total lipid extracts of MVM. The results are given in Table 3 . With respect to saturated fatty acids, the ratio of palmitate (16:O) to stearate (18:O) in the newborn was three times of that in the adult. In addition, the proportion of myristate (14:O) in the newborn was higher than that in the adult. With respect to the unsaturated fatty acids, the ratio of oleate (1 8: 1) to linoleate (1 8:2) in the newborn was two times that in the adult. However, neither the proportion of total and adult MVM preparations was in the range of 10-to 15-fold, $ based on the specific activity of lactase and sucrase, respectively.
As shown in Table 1 , these two membrane preparations exhibited Table 2 . Phospholipid composition of microvillus membranes of the typical enzyme pattern of intestinal development-an abthe newborn and adult rat proximal small intestine* sence of sucrase activity in the newborn and a marked decrease Microvillus membrane in lactase activity in the adult. These data are consistent with the fact that during the development of the rat small intestine, the Phospholipid class Newborn Adult appearance of sucrase activity begins in the 2nd wk of life, % total lipid-phosphorus whereas the decline in lactase activity occurs after weaning (1). 
Changes in the phospholipid fatty acid pattern of MVM.
To further determine if the changes in the total lipid fatty acid pattern of MVM reflected specific changes in individual phospholipid classes, fatty acids were selectively analyzed in phosphatidylcholine, phosphatidylethanolamine, and phosphatidylinositol. Table 4 shows the fatty acid composition of these three phospholipid classes in newborn and adult MVM. The data indicate that individual membrane phospholipid classes exhibited a distinct fatty acid pattern. In both MVM preparations, phosphatidylcholine contained relatively more palmitate than stearate, whereas phosphatidylethanolamine and phosphatidylinositol contained much more stearate than palmitate. The major unsaturated fatty acid in phosphatidylcholine was linoleate, whereas the major unsaturated fatty acid in both phosphatidylethanolamine and phosphatidylinositol was arachidonate. Similar to the finding in the total lipids of MVM, the major differences between the newborn and the adult appeared to be an increased ratio of 18: 1 to 18.2 and an increased ratio of 16:O to 18:O in the newborn for all three phospholipid classes analyzed in this study.
DISCUSSION
The data in this newborn rat study and other previous studies in 2-wk-old suckling rats (26) and rabbits (27) as well as in aging rats (28) all indicate that there are developmental changes in the MVM lipid composition from birth to adulthood and also changes with aging. The changes differ, depending on the region of the gut, species, age of the animal, lipid classes measured, and Table 3 .
Fatty acid composition of total lipids in microvillus membranes o f newborn and adult proximal small intestine*
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Newborn Adult also possibly depending on the adaptive response to environmental factors. Herein we demonstrate several specific differences in MVM lipids and phospholipids between the newborn and adult rats. First, the proximal membrane of the newborn contained much larger amounts of both total phospholipids and cholesterol per mg of MVM protein than the adult, but at the same time maintained a molar ratio of these two lipid classes similar to that of the adult. Similar findings were previously noted in MVM of newborn rabbits (3) and 2-wk-old suckling rats (26) . The increased lipid/protein ratio may be related to the previously reported increased membrane fluidity in the newborn intestine of rats (4) and rabbits (3) .
Second, the immature MVM from newborns was relatively rich in phosphatidylcholine, but poor in phosphatidylinositol as compared to mature MVM from the adult animals. A decreased phosphatidylinositol level was also found in the jejunal MVM of the 2-wk-old suckling rats (26) , and a decreased level of tissue myo-inositol was found in the newborn rat intestine (29) . The basis of this decrease is not clear.
Third, fatty acid patterns of phosphatidylcholine, phosphatidylethanolamine, and phosphatidylinositol in the newborn were different from that in the adult MVM preparations. Specifically, these changes in the phospholipid fatty acid side chains were an increased ratio of palmitate (16:O) to stearate (1 8:O) for saturated fatty acids and an increased ratio of oleate (18: 1) to linoleate (1 8:2) for unsaturated fatty acids in the individual MVM phospholipid classes in newborn rats. Previously, Dobiasova et al. (30) reported that developmental changes in the fatty acid composition of intestinal phospholipids did not reflect changes in the composition of the diet. However, one of the possible explanations of such fatty acid changes might be an increased lipogenesis which synthesizes 16:O as the end product, combined with a concomitant increase in the activity of stearoyl-CoA desaturase which catalyzes the formation of 18: 1 from 18:O. This type of fatty acid changes in the membrane phospholipid of small intestine can be induced by reducing the dietary intake of linoleate (3 1) which is an essential fatty acid for animals and humans. Thus, it is possible that differences in the phospholipid fatty acid pattern between newborn and adult intestines may be an adaptive response of intestine to different nutritional conditions, although a possible agerelated effect still cannot be excluded. The changes in both the polar head groups and the chain length and degree of saturation of fatty acids in individual phospholipid species may have a cumulative effect on the lipid contribution to membrane fluidity 
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CHU AND WALKER the influence of an altered phosphatidylinositol content in MVM on the disturbance of intestinal receptor function is not apparent, it is possible that a relative phosphatidylinositol deficiency might affect the responsiveness of the newborn intestine to external stimuli due to an interference with transmembrane signaling. Another unique function of phosphatidylinositol is its role in the anchoring of certain glycoproteins to cell surface membranes (12) . For example, alkaline phosphatase represents such a glycoprotein (32, 33) . Our recent study has shown that phosphatidylinositol depletion is associated with a reduction in the activity of alkaline phosphatase in gerbil intestine in vivo (34) . These findings may help explain why there were parallel changes between the levels of phosphatidylinositol and the activity of alkaline phosphatase in the newborn and adult MVM of the rat intestine (see Tables 1 and 2 ).
The intestinal epithelial surface serves as a protective barrier to prevent the penetration of a variety of pathogens and antigens that cause infection and infammation (35) (36) (37) or disrupt intestinal absorption and secretion (38) . Recent studies (39) from our laboratory suggest that the barrier function of the small intestine appears to be incompletely developed at birth and during the preweaning period, and may thereby contribute to a disturbance in mucosal defenses perhaps accounting for the increased incident in intestinal and systemic disease in newborns.
The data in this study provide further evidences for the compositional basis of bamer immaturity in the developing intestine, showing that alterations in phospholipid composition were noted in the newborn MVM, and that specific lipid changes occurred at the molecular level. On the one hand, qualitative and quantitative changes in MVM lipids and phospholipids as well as li~id-vrotein distribution might alter membrane fluidity and oigan'ization. On the other haid, changes in phosphatidyli~ositol availability and molecular species might interfere with receptorlinked signal transduction and intestinal transport processes. Collectively, these intestinal surface changes may contribute in part to the increased MVM permeability, a mucosal barrier dysfunction in the neonate.
